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Determining School Effectiveness 


Following A Regression Analysis 
: _* ; 


, .» Abstract. 


e 


Three methods that can be used subsequent to a- 


. 


regression analysis to determine the relative effectiveness 


of schools aré\Qyer's Ser formance Indicators, Scheffé's 


hyperbolic ‘confidencé\bands, and Gafarian's, linear 


confidence bands. These were applied to nate from 54 
\ 


hypothet fcai schools randomly fenerated from a multivariate 


e 


normal distribution using parameters from previous studies. 

“Data points having Geidoriandd Indicators of L and 5 . 
generally felk bataied of the daiaded, confidence bands. 

The Linear confidence bands were ‘much wider than — Scheffe 


wt 


bands near the mean and sae narrower. es the, extremes. 


‘ 


overaits Per formance Indicators: and Scheffe’ ‘hand produced“ 


similar results. ? 


Following A Regression 
. be e * 
ie } 


* \sevaral at ae models have heen.used in a empts~. 


. Ke “* 


+ 


(1974) examined five shi" “models which use Jongitudinal 


e 


ee ; data. Pea, of the models involved a, Saguivaion procedures’ 1 


the other’ involved a ddubaxtwcn sie mean difference scores. 
“mH F. o 
a Some ev.dinee indicated that A simple regression model. using 


. 


“an initial ,fchievenent jean as predictor and a subsequent 


ey 


é 


‘ 


achievenent mean ‘as critgpion prcsiniees an adequate wakeure 7 


oo ‘\ of, relative. effectiveness ina cost-effective shjse (Convey, 


1975). . This basic model frequently has been euployed in 


field studiés (Burke, 1972; Dyers Linn, & Sukie: 1969; 


‘lied wis State Department ‘of. Education, 1975). 


oa 


Peres, 
# " Once a basic regression analysis is stadt awa the | 


oo ° : 


adestion, remains as to, what subsequerit analyses would be & 
é' 


-» 
needed to classify adequately the reintive effectiveness: of 


eg the schools.involved. ‘The purpose” of this -paper, is to 


"examine three fmethods that can be used subsequent ' toa 


_ regression analysis, and to determine whether one is best 
4: ‘ 
¢ in a cost-effective sense. The methpds. are: *1) Performance 


ei aalontcds aan -. Pyer, Linn, & Patras a int a. : i a 


* , é 


f 4d - {i 


eeasibitity study for. the. New Yor Beate Assessment Yeoh; 


"933 hypetbolic ‘confidence bands ‘about the régvesgion line ) 
\ 


(Scheffe, ' 11959) # and 3y-Linear aaa aca bands about the 


egtession line defined on he subset ade interest, (Gafarian, 
ye " 
i964). Simulated data, were used so that : shea parameters 


‘could be manipulated. 4a order to make” some schools more 
« 


-effective than. gthers actording to an established criterion. 


' e 


Performance Indicators 4 er y 2 


“ * 


* byer,. Linn, and Patton (1967) in eee en a aoneaph: 


- 


se. 


ey ee by Byer (1966) | generated a general. mpthiodoloay 


for the calculation of Per formance Indicators - (prs). Ina 

given sioinot schoo}s, the. regression of final ‘per formance 
\j : 

on initial performance “and other relevant variables 4g. 


obtained. " Residuals are obtained and an intex (1) is 


computed: as follows} 

. : residual 

=” SD era , @) 
ke eo 


° 


where, 8D is, the average i La a ae BESAEAES deviation on 
_ the final performance measure, and n is: the average number 
of “students per ‘school. brs | are defined : as. follows: 


I<¢-1.5,'PI = us 
\ 


“i.5. < I.¢X.5, PI'=.23 . oe 
7. % : (2) 
+\5< Té -SAPT = 33 - . ‘ 
an oS 
“Ss » SS DS 2.5, Pie a; . 


hea? Eh ew 5 Pres 


" : * ® 


\ : $5.) 


The PIs are used then to. identify hools that seem bibs 
performing either idl arom r below expectation ‘y 
wfth rhea! es a particular class of ducational, outcomes. 
e rb ’ Confidence Band : 
construction of two functions, based on the sample data, 
which lie entirely above and below the unknown true regression | 
surface with: a specified probability. The general setsiet 
was, eaves by Scheffe, (1,959) .- An excellent discussion of” 
ihe procedure appears in, Miller (1966) . For a single: 

a the, aici Working-Hotelling 1 band (Working 6 - 
Hotelling, 1929) isa epenie® case of the general echette’ 
ee ne The band is giver bys, ae a 

; (b+ + Ot 0?) oe 


#(2F, 99)? 


\ 
N 


where, s is the sehudseu wees of estimate, n is the number . | 


of observations, SS x is the predictor sum of squares, X is 
a EREOREEeS Wachee X is the predictoz mean, and’ F is the. 
gritital value at. the srreporiate so Cancun . 
The confidence band given by seuueton, 3 will consist 
of hyperbolic : curves about: en regression line with the 
minimum value occurring at ie mean of the predictor. In 
the remainder of this paper; these bands will be referred 


t 


to as Scheffe bands. 
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Linear Confidence Bands - ‘ 


“ee 


; ae 
Gafarian (1964) showed how to construct a confidence 


' band of ‘uniform width over a: finiter interval for’ a one- 
- ww 
” predictor linear regression model. Gafarian provides tables 


of critleal values necessary to implement this technique for 
« m 


Hieatige in waar the ,Sample size is even and the mean of* 
_ the peedicthe lies at. the midpoint of the intervad ‘over 


which Whe « contidence band is to be, constructed. The resulting ’ 


® 
° 


‘bang ‘is wttgaly wide over the interval ‘of interest. 
Given the, tables provided,.. the brdeeduKe is straight~ 
forward. “The table’ as entered : for” a / particular balla of 


‘sample size, - corifidence level, vanad ec = 28S x/ntb-a), where 
~ e wh n 


“a and b are the snapolie of ‘the interval of interest. “ow 


‘e > ay the able yields a\ value, of aq for e <1, a value 
se \ 

of oa ny, : ae sndeiiad is, given ‘by + + ds, ~ where s is the 

Pe e\, 

estimated wtenad error of botinate, we ; a) 


, 


éaferian shows, that these bands generally will be. wider, 
tMan the dock tng-sisibiitog bands around the middle of the 
interval and narrower at ‘the extremes, Miter (1966) e 
indicates 2 that ‘the Gafafian’ technique seems to be better a 
“for short,’ intervals, and the Workitng-fotelling Leiner 


bettes for longer. intervals. ; . 
neg et BD ; t's 


5. . ‘ 


‘Longitudinal, data for sah individuals in 54° hypothetical: . 


‘schools, were ied generated from a multivariate norma) eg Se 


! ) Wiceats cies. - The input’ le si i ao oiciatiies — given . 


. 
. 
Ce } 


a the characteristics of the total math score in the sixth 
w and ‘eighth. giades, Zespegtively, on the | Comprehensive: Tests e 


2 


Pe ee gk Se Basic Skills, Level a, Form Q and Fore R, respectively. is ‘*. 


Ps ; (California Test pureau/tecraw-Hi12, 1970) he expanded oe 


. 
k 
. ~ 


standard score an provided by. the publisher, ‘was: uaed.. 


‘ : Saad 

ae The data-gerterating procedure is. described Below if agtail.” \ 

‘ “4 2 RS Te ks 2 \ % 
ere Re insert Table. ‘1 about here ¥# os 


‘a? . . e . e ‘4 
" he ° 
os 


¥ : First, 54 ordered séts representing Scores for input ° if on 
F f 


and output were generated according. ‘to the apecifications gh 
8 4 oe) at 
aetee _—- Le ‘There is considerable empirical. evidence 3 


bic ' 
: 


6 indic te.that,, for achievement tests, the geanaard devtatsn «| 
si ger oe Te of the distribution ‘of school means is” fron - .3 to ae of oe 
. etandaxa diviation of thé aistributicn of individual scores,” 

eal, of school size (inaquist, 1930; Lora, 11959). : 
* ' ie The — rinatitoa of 44 suggested: Hy ‘Lorq “t19s9) was used’. ” 


‘ X in the peeiticationa.. The. corvelation Datong. input and 
* cd ° \ 2 
i" - output 8 consistent with the  Einaings, of byer,. et al. (1969). 
- os ond, ye 54 “input scores were ordered from high to, 
: or + 
’ ; s , . br . 
CS 2 ees ‘low. - The,  tighest 18 scores: were “designated as is the next, 5h 
> i Me _—— ae Ce itt e Gea “ ° 
i e - - : Pas 8: ; « + : r ; a 
é ¢ \ . wre, ¥ 9 “ar - ‘ & . 
‘ : - : " - la a aye - m sae . 


* 
oe 


\ ‘at “73: Amable at shows ‘ale characteristics -0f “the ordered, ° as 


eX sets after pairing. mi : . ‘ tm wwe" 


=oe n° o ' 
a : ‘ . Ae 6 a Dye 
. ; . . 


’ 
oe) F * 
. e le \ 1 P 
¥ . . 
a a F ey ry ‘ dy a 
ioe al . \ ‘ : ba . "e 


‘18 as medium, ‘and the lowest “18 as” low. Within. each category, “HE 


six groups: ‘fandomly. were ) designated to be effective groups, : 


six to be average groups, and las to. be eve effective | az J 


ai 4 


groups. - Effectiveness was aetiied in terms of the gain’ a * 


from the. input ihean to the output mean. “The output, means 


‘were ‘paired with the anput means so as to satisfy ‘the aaa 


. a ‘tiveness ‘criteria of effective\ (gain greater than 68), > 


« a: 


_ average (gain between. 4 and 68), and dane effective” (gain 


. ‘ess ‘than 46). ‘In ‘this study, 68 Zopierented approximately 
; Ps staridardvdeviatio’ on the ‘input distribution for the 


: individual ‘scores. “mese criteria sappear to be Gonetstent 


? 


: « { 
, with previous, sreples (sens. coleman, et ‘als, 1966; cuthrie, } 
: «pi J ce 
1970; Shayceft,” 1967). In addition; oare was ° sxensined. he 
"Mm ie ® 
“inaintain ‘the correlation betwees ‘the variables approximately 


Anuach Gable d AbOUe here , 
ea ee 


50a « 


\ *“The input-output pairings ‘were wade 80 that within ‘ 7 id 


* . 
’ e a 
? 


; ony effectivencss classification, groups with high, reed 


‘ 


and iow — were’ represented, equally. ‘Use of this. pro- 

we * 
cedure” “attempted fo iinet for ‘any pias that might be. , 
“ \ 


: = 7 introduced by an overbalance of certain deveie of inputs 


* 


ae ‘ in dng one classification. ‘ ; eH g 
‘ a a :; 


eS 7. mea p42 | a r 


ve ott ' . . . « 
eo es e i ee: | 


tw | . ‘ * 
4 F \ 
AN I Ties he Se Bei act eaeetatetretoe ie 


‘ 


a al 


¢ 


18 as "less effective" . - hese sanple, values are the ones i. 


eh aeg ~, fo. 
The next eee “in the data-generating procedure was to 


establish individual data. ‘within each grap. p. ‘Prior te “ 
pe eee the baiereut scores, group nike: was varied 
<eeaediny to a, plan’ “papviding 18, groups “of 20 to 99, 18 - “ : 
_ SFOUPS of 100 to 199/ 9 groups of 200° ‘to 299, and 9 groups 


of 300 to 399. “oni distribution is. consistent with field 
_Fesults (Florida pinbhCoae = Program, "1968) - Ag 


Ng, 


v 


table of random o munbers was ee to ‘implement this plan. 
‘Group: size was -dist¥fbuted | 


formly over the different ey 


effectiveness claséifications. The total group dons$sted 

oe 9087, Apdividuats, and gkoup. size ranged ‘From 20 to. 995), i 
* wi h an average group size’ of 168.28. > > ay . 
= Finally, infividual student: scorés' were qyctgiea cel 


, a) \ 
with n ea group. ‘After ‘the: groups were forned, the sample 


mean for each group was calculated. Some tekanking of the 


nf 


groups ccurred as a’ result of ‘these se atig ‘valued. Sixteen 


so | 


\ 
\ groups were designated as "effect ve" , 20 as “average”, “and 


which would be observed alae iy abtual settings. The *. 


y equation was ° obtained using ‘the sample 


* _# 


. 
* a> te Oe 


‘Ge \o 7 input mean and’ the ample ‘ikea dnean £bz a group as the 


u4 : ~ ypredictor. and: oe renpectively. “The standard devon. , e 


. \ 1 
aes . 


aa 7 of estinate was Zs O7, and the, Predictor, sum of squares was 


% 


57230,16. : RAR oct OT eM ape SE RS! ae: ge 

P . ete e ‘ \ } > P . 

ee ‘ \ ; ae, + . — * j > 
\ . * ’ { . Be ‘ x = Insert Table 4 about here , ly 

‘y . ; re SS “fis 

. ‘ 

| Vished 


. a ‘The distribution’ of Performance Ingicagors est 
“| | for each, of _the 54 groups “asin mauation D ai Equation 2 i gal 


"hs ‘aiivais ‘in Table 4. Pitteen of the 46. "effective" “groups: 

> , Pair 4 
Ende. of B ‘received a PI “of 5, and all of the 18 “less ottectiver ; e 
4 ; A a t- 


* 


og) ae _ groups received a PI of 1. Seong having observed outputs, ~ wt, 


~ - J 


\ s : greater than’ lo. 05 units, or aaa than -10. 05 units from the’ 7 


t \* 


\ regression ane received ‘pis of 5 and l, respectivelf. Groups , a 


t \ Ley 2 


\ having Gbserved outputs wich, deviates eters. ae ana w. 05 


\ \ : F Py ? . 
waits from the Asie received. ‘PIs of Pend 2 a oS atoms * os ; 


\ : ' Insert Table 5 about — s = a ‘ a Figs : 
Table 5 shows ne inunber lot groups having obse¥ ed - “ 


“a 

4 

i 
so 


Fe ar outputs above, yithin, and below the hyperbolic, eentidence: ad 
‘ . m, ope 
\ . Ow "bands construckéd on the regression ia using Equation eS at, 
iar 3 . , " + ae = : 
\ ‘ _, with: ‘confidence Levent no less. “than 175. £90, 495, ae _99,- “8 


respectively: Generally, ‘groups having a PI 6f 1 or a PI, 


vf ey 
ay 4, 


ag “A “of 5 fell cut side: the ‘ands\ for each ‘confidence level, ata | 
3 i h, He As - ; Sen i 


. \ ae ‘| I | \ or: 
groups. teetn ‘a PI of 2,\3, br re fell inside the bands, 


When the confidence” was increase to. .95, all pointin outside 


io ‘ ne band corresponded, to groupe with a PI ‘of Lor 5. At 


¢* . 


confidence levels ‘of ate ants -90,.” six and two points with 


‘PiIs different ha 2 and 5, respectively, “fell outside the ... 


- . band. Generally, the ai ference between the son fidence : 


my 


- . Pe . bands ‘of 90, .95, and .99 is wdae in oo Of’ Jodation 
ae Lae oe gh od s 4 re 


4 of groups. Sot. “ees : . 


e : Insert Tablé 6 about here = Sag a . 


Sie ‘, 


“+4 - i ; “Comparisons ‘bétween theatizolute distances from thé , 


. 
7 (oe tsa tlh lta line ae ‘the ‘Schefte ‘and Gafarian gonfiderice 


on. 


ca. — bands are shown in Table 6. ‘The Gafarian bandg were 


: calculated using an een FA lower input value so that the 
“ * 4 

‘eo a: _ input mean would be at the ‘miapoist of the interval over, | 

. . 7 


ie ‘which the bands were sonateuceed: Tf ene actual observed : 


aa 
’ 


~ 


extreme values were to be used, phe pee distance aoe 


- a: - the reffression line 9 these bands would decrease ea about . 


ws * . two, undte. However ; this -latter condition would violate ge 
a te . condition on which the tables provided by Gafatian. (1964) - 
7, : ) ; ‘ Re hog 4 - ee 

* ¢€ are based. ae Mee Fa e 


. . . | ' A i a oF \ 
eye = For most, of the interval of Wnkbrout, the Gafarian 


- ae ‘ ’ 
eS . \ Ra panas are- “wider ene the Sche ste” bands. for each confidence 


: re level. : The relationship betwéen the Gafarian bands and PIs’ 


“is givbn in Table 7. From Table 5 and Table 7, it appears | 


that the Gafarian ‘gahuseae would result in More: ‘conservative 


decisions about differences in Helative gtinsttouiens than - 
‘ ae be 2 * _ a e ry , ; ; 
would the Scheffe ‘technique. . te | 


Se ee eae ih ee ie are 
Z ,, Insert Table 7 about here ‘ a 
I eae . 
Discussion © ‘ a : : ue z * a ae 
he a ‘ :; soe cheat HA . 3 
When viewed in the ‘Light ‘of the Schéffe bands at. the 


’ 
* 


‘unin confidence levels, ° the observed outputs of groups with 


* 


a. ‘PL of 2, 3 or Py could not be considered different. from * 


“ 


“the predicted values. 


{| However, most of the groupe with a’ 


} ‘ 
“: PL of 1 or 3) did lie outside of the ‘confidence bands? ‘Thus, 


‘ 


be. PIs could be used to identity schools 
Jn 


these « ehtvend values 


which ; are achieving ‘below and above expectation. It appears 


% + 4 


\° , that attempts to make, finer discriminations. using PIs. may _ 


at 


- not Re warranted. Perhaps a classification system onthe the 


. ai * 


“categories: 1) achicying about peeaictad; 2) achieving ‘staal 


predicted; and 3). achieving below dceaicted may be more 3 


a a 
‘realistic than a- five category classification like the PIs: “3 


* For these data, the’ hyperbolic Sche fed confidence ‘bande: 


. 
, 
. a 


were narrower than the linear ‘confidence bands of Gafariah re 
% 


a for nome of the ifitetval of Snkatant at each confidence. 


6 


level. ‘Since he width of a confidence band is ‘ealated: 


directly te errors of prediction, nacrover bands ‘axe’ . : ia 


F | ‘ : ‘ fies See 


\ ; ‘: eps me 78 


¢ 


’ 
ov “ a va » Baye * \ 
° : ; : : . 


: preferred to wider ones at a’ given co fidence. level. In 
* many practical. situations, the inter al’ of anberwat: is 


probably” such that. the Scheffe ,bands will “be more appropriate ‘¢ 
a Pg ‘ { 4 , 
than: the Gafarian bands. Exceptions may occur te Ev REeSe ‘ 
. _* 
danteta on’ eetoals whose input. scores are an a small 


Pn - ry ve -.. 


neighborhood about ‘the input * mean. Garentai (1964) indicates. 
those circumstances in which the ‘Ninear banda will be more . 


‘efficient than the, Scheff¢ bands. The e efficiency criterion 


© ‘ "used *e Gafarian is, Ba minimization of‘the area encompassed 
ad by the bands. ‘ ; ‘- 


. wee 
t ee Ps 


oS = Oe > oveean, PIs and ‘Scheffe bands seem to yield comparable 

¥ \ ot, résults. It is aLesteute on the basis of the data, Presented 
hereto consider ithe: method eens ina cost-effective 

sense.: prs do require use of the asstons within-schoot °. 
standard deviation on the “output avdatie and the averaae ra 
school: size. In some ean, the former information may -_ 


ft 


. not be rebaity hvainable. ie ec Pee a method 


by — _ school statistics are ik available. = ony 
The vances of th 8 study should assist investigators 

in developing and impiementing a strategy for ‘determining = aye 

aa oe the relative athectivences of scho 1s, How different. 


. 


, , . * 8 : 4 r 2 “ 
‘. _ techniques might) be used to determ 7 relative effectiveness 


ae ; * 
is dictated somewhat “by the intent of the investigator. A: 
.liberal strategy would be appropriate ef one wished to °' 


_ identify all possible pairs of schools which differed in aye 


sa a Pr TAP PAN ODRAR: ‘evere at the ‘risk = ace as di ferent 

or some which really did not after. in effectiveness. : 48 
: false - Silat ate are djuelaerea serious, then a: more 
“f a “conservative strategy would be appropriate. | “For the. Schet td 


Be or ; Procedure, a more conservative strategy would: dictate ‘the ‘ 
Ye « = ‘, a 


4 


"choice of higher confidehce ‘levels. For ban a ‘conservative ;. : 


strategy would dictate adopting a decision rule ‘which requires: 


a differelice oe 4 pr unis tweet two schools in order to 


* a 


ye 


e 


‘consider ‘them -difgerent in, effectiveness. wae of a less 
stkingent decision fute would: constitute a more Liberal 
“strategy.” icc ek) A 2a 8 a . 7 
Since the data used in this ahiidy were generated 
artificially, the results ‘should be inberpeated with soité hs 
caution. The. methods reviewed in this paper need to be . - 
‘wpplied to longitudinal data from real settings to. determine = / 


if the results are cémparable to those found. in this study. 
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